Molecular effects of 2',2'-difluorodeoxycytidine (Gemcitabine) on DNA replication in intact HL-60 cells.
The ability of pH-step alkaline elution to isolate different size species of nascent DNA (nDNA) from intact cells was utilized to study the effects of 2',2'-difluorodeoxycytidine (dFdC) on DNA replication in HL-60 cells. Preincubation with dFdC caused a concentration-dependent decrease in overall [3H]thymidine incorporation into DNA, accompanied by an increase in the proportion of radiolabel accumulated in small nDNA fragments. Twenty-four hours following removal of dFdC, radiolabel progressed from smaller to larger fragments and into genomic-length DNA. At initial concentrations of exposures to dFdC or cytosine arabinoside (ara-C) that caused 50% lethality (LC50) to HL-60 cells (40 and 50 nM, respectively), slower and less complete transit of nDNA from small subreplicon-length fragments through larger intermediates to genomic-length DNA was observed for nDNA fragments containing incorporated [3H]dFdC than for fragments containing [3H]ara-C. This was accomplished with less [3H]dFdC incorporated into DNA than [3H]ara-C at these extracellular concentrations of drug. Pulse-chase studies, using higher concentrations of radiolabeled drug, similarly revealed that nDNA fragments containing incorporated dFdC, like those containing ara-C, progressed with respect to time into larger nDNA intermediates and ultimately into genomic-length DNA; however, such progression for nDNA fragments containing dFdC was less complete than for fragments containing ara-C. The radioactivity incorporated into DNA represented authentic dFdC, as determined by DNA degradation studies, and was stable in DNA for at least 48 hr after removal of extracellular [3H]dFdC. Some of the effects of dFdC on ribonucleotide reduction in HL-60 cells were assessed by measurement of the intracellular pools of dCTP and dGTP. The drug had a greater effect on pools of dGTP than of dCTP, with transient reductions in dGTP observed at concentrations that encompass the LC50 for dFdC. These studies suggest that the interaction with DNA synthesis is an important component of the cytotoxicity of dFdC in HL-60 cells. Because it is incorporated progressively through nDNA compartments and ultimately into genomic-length DNA, dFdC should be categorized as an agent that slows DNA elongation in the intact cell, and not as a chain terminator in the absolute sense.